Autonomic innervation to the eye and ocular adnexae was assessed in seven patients with Lambert-Eaton Myasthenic Syndrome and 50 age-matched control sUbjects. Pupil responses to light were abnormal in 69% of LEMS patients, compared with 18% of the control group. Reflex tear production-a screening test for parasym pathetic innervation to the lacrimal gland-was below the accepted normal limit in 69% of LEMS patients. Parasympathetic and sympathetic denervation hypersensi tivity of the iris musculature were individually present in 57% of LEMS patients, compared with 6% of control subjects. The association between autonomic dys function and Lambert-Eaton Myasthenic Syndrome is discussed.
69% of LEMS patients. Parasympathetic and sympathetic denervation hypersensi tivity of the iris musculature were individually present in 57% of LEMS patients, compared with 6% of control subjects. The association between autonomic dys function and Lambert-Eaton Myasthenic Syndrome is discussed.
The Lambert-Eaton myasthenic syndrome (LEMS) is· characterised by proximal muscle weakness, depressed tendon reflexes and dys autonomia,l and associated specifically with small cell lung carcinoma in about 60% of cases. 21t is an autoimmune disorder3 in which IgG antibodies to voltage-gated calcium chan nels at motor nerve terminals result in impaired release of acetylcholine, and con sequent muscle weakness.4.7 In small cell cancer-associated cases, the autoantibodies may be triggered by tumour calcium channels. 8 Assessment of autonomic function has demonstrated both cholinergic dysautono mia9 and more generalised dysautonomic function with concomitant involvement of sympathetic nerves.l O ,l1 The possible patho genic role of antibodies in these autonomic disturbances is not known.
Measurement of the responses of the iris musculature to specific stimuli provides a means of assessing autonomic innervation of the eye. Because sympathetic nerve stimu lation causes pupillary dilatation, and constriction of the pupil is controlled by the parasympathetic nervous system (via the IIIrd nerve), pupil diameter reflects the balance of autonomic activity in the anterior segment of the eye, and provides an easily-measured, accurate index of autonomic integrity there. Several tests have been developed, enabling detailed assessment of pupillary function. Pupil responses to light may be accurately quantified by measurement of the pupil cycle time.12 However pupil cycle time, by defi nition, is dependent on the complete pupillary reflex arc and, if abnormal, provides no infor mation about where the defect lies. Local isation requires specific tests that investigate individual components of the reflex pathway, such as those that assess de nervation hyper sensitivity. Parasympathetic denervation hypersensitivity of the iris musculature is demonstrated by excessive pupillary con striction in response to topical 2.5% meth acholine chloride ,13. 1 4 and sympathetic denervation hypersensitivity by increased pupillary dilatation to topical 0.5% phenyl ephrine hydrochloride.1 5 The integrity of the autonomic supply to external ocular structures may be inferred from the reflex production of tears by the lac rimal gland. Secretory innervation to the lac rimal gland passes from the lacrimal (saliva tory) nucleus of the facial nerve, via the facial nerve, greater superficial petrosal nerve and sphenopalatine ganglion. 1 6
The present study has quantified ocular autonomic nerve function in patients with LEMS by tests based upon pupil responses to light, assessment of de nervation hypersensi tivity of iris musculature, and assessment of reflex tear production.
Patients and Methods
After informed consent had been obtained, ocular autonomic nerve function was assessed in seven patients with LEMS (mean age 55.4 ± 13.7 years) and 50 age-matched con trol subjects (mean age 60.7 ± 18.0 years). Diagnosis of LEMS was based on typical clini cal and electromyographic features;2 clinical details are shown in Table I . The control group consisted of patients attending an ophthalmic casualty department who were sub sequently shown to have no ocular abnormality. Subjects were excluded from the study if there was a history either of a medical disorder causing autonomic dysfunction, or of taking 3 ,4-diaminopyridine or any medication known to affect the autonomic nervous system. Individual eyes were excluded if there was a history of ocular disease, trauma or operation.
A comprehensive ocular examination was performed on all subjects. Ocular autonomic function was assessed by the following methods:
(1) Pupil response to light: Pupil cycle time The subject was seated at a slit-lamp in a room with low constant background illumination (20 lux) and fixated straight ahead on a distant object. A horizontal slit-beam of light was set at 6 x 0.5 mm and positioned to overlap the inferior margin of the pupil. In response to this stimulus, the pupil initially constricts, then reflexly dilates when the iris blocks the light; return of the afferent impulse causes the pupil to constrict again, and a second cycle commences. One hundred consecutive pupil cycles were timed by stopwatch; the result divided by 100 represents the mean pupil cycle time.
(2) Ocular autonomic denervation hypersensitivity (a) Parasympathetic nervous system. Pupil photographs were taken between 9-11 am under standardised lighting condi tions; the subject faced a surface with lumi nance of 20 apostilbs whilst constant background illumination was maintained. The subject remained seated in the room for five minutes prior to assessment; pupil dia meters were then recorded photographically using an ophthalmic head-rest and a scale positioned against the lower eyelid in the per pendicular plane of the iris. The subject fix ated at 6 metres, then a photograph at x3 magnification was taken of both eyes together using a Nikon F camera with Medical Nikkor 120 mm f4 lens and Kodak ektachrome pro fessional film (AS A 100). One drop of 2.5% methacholine chloride solution was placed in the conjunctival sac of one eye, and one drop of sterile normal saline solution concurrently placed in the conjunctival sac of the contralat eral eye. The eye to be tested was selected randomly. Forty-five minutes later, a second pupil photograph was taken.
(b) Sympathetic nervous system. One week later, sympathetic denervation hypersensitivity was assessed by the same method. A pupil photograph was taken, then one drop of 0.5% phenylephrine hydrochlo ride was placed in the conjunctival sac of the previously untested eye and one drop of ster ile normal saline solution placed in the con junctival sac of the contralateral eye. A second pupil photograph was taken forty-five minutes later under similar controlled ambi ent lighting conditions. The pupil photographs were magnified (x 17) by projecting the slides on to a white screen at 5 metres. Horizontal pupil diame ters were measured directly from the screen to an accuracy of ± 0. Measurements of pupil diameters were per formed on a double-masked basis, (ie without knowledge of whether the subject was a patient or a control, or whether the pupil was test or control).
(3) Reflex tear production Reflex production of tears in patients with LEMS was measured by Schirmer's test. The patient was seated in a room with low, con stant background illumination, and a folded strip of Whatman No 41 filter paper (5 x 35 mm) was positioned to overlap the inferior lid margin of each eye, according to the standard technique. 1 7 The degree of filter paper wetting was measured after five min utes. Normal tear production is defined by wetting of the filter paper by at least 10 mm. Reflex tearing is controlled by the parasym pathetic nervous system.
Statistical Analysis
Comparisons were made between the results of LEMS patients and the control group; sig nificance was assessed by Student's unpaired t test (two way). Results are expressed as mean ± SEM.
Results
The individual results of general ocular assessment in seven patients with LEMS are shown in Table II , and the results of ocular autonomic function assessment are shown in Table III. (i) Pupil cycle time Pupil cycling was either absent or sustained for <100 consecutive cycles in six of the 13 eyes (46%) assessed from seven subjects with LEMS, compared with 15% of eyes in the control group. As pupil cycle time could not be measured in almost half of the eyes from LEMS patients, mean pupil cycle time in the remaining subjects could not be considered representative of the whole group and there fore comparison by Student's t test with the control group was not performed. Results of pupil cycle time assessment in LEMS patients were therefore compared with the normal tolerance limit. Age-adjusted normal toler ance intervals have been established for pupil cycle time;J210gl O (pupil cycle time) is not sig nificantly age-dependent (P > 0.05). The age adjusted normal tolerance limit, aribitrarily set at the upper 95th percentile of the log normal distribution after regression on age, was applied to the results of LEMS patients and control subjects to determine the propor tion of eyes outside the normal limit. Pupil cycle time was higher than the 95th percentile in three of the 13 eyes from LEMS patients (23%), compared with 3% of eyes in the con trol group. Pupil cycle time was therefore abnormal in 69% of eyes from LEMS patients (ie 6/13, 46% with absence of sustained pupil cycling, and 3/13, 23% with significantly pro longed pupil cycle time), compared with 18% of the control group (Fig. 1) . (ii) Ocular autonomic denervation hypersensitivity
(a) Parasympathetic denervation hypersensi tivity: 2.5% methacholine ratio. Pupillary constriction in response to topical 2.5% methacholine was significantly greater in patients with LEMS (0.70 ± 0.05) than in the control group (0.94 ± 0.02) (P < 0.002). There were no significant differences in 2.5% methacholine ratios between patients with carcinoma-associated LEMS (0.68 ± 0.09) and non-carcinoma-associated LEMS (0.71 ± 0.08).
Pupillary responses to 2.5% methacholine are significantly related to age (r = 0.40; P < 0.001).14 The results of LEMS patients and control subjects were compared with the age-adjusted normal tolerance limit ie the lower 5th percentile of the log normal distri bution after regression on age. By this cri- ,-. terion, parasympathetic neuropathy was present in four of the seven patients with LEMS (57%) compared with 6% of the con trol group (Fig. 2) .
(b) Sympathetic denervation hypersensitivity: 0.5% phenylephrine ratio. Pupillary dilatation in response to topical 0.5% phenylephrine was significantly higher in LEMS patients (1.45 ± 0.06) than the con trol group (1.19 ± 0.03) (P < 0.01). There were no significant differences in 0.5% phenylephrine ratios between patients with carcinoma-associated LEMS (1.41 ± 0.12) and non-carcinoma-associated LEMS (1.48 ± 0.08) (P < 0.05).
Pupil responses to 0.5% phenylephrine are significantly age-dependent (r = 0.64; P < 0.001). 1 5 The results of LEMS patients and control subjects were compared with the age-adjusted normal tolerance limit ie the upper 95th percentile of the log normal distri bution after regression on age. By this cri terion, sympathetic neuropathy was present in four of the seven patients with LEMS (57%) , compared with 6% of the control group (Fig. 3). iv. Reflex tear production Reflex tear production, measured by Schir mer's test, was abnormal in nine of the 13 eyes tested (69%) from patients with LEMS.
Discussion
The integrity of autonomic innervation to the eye needs to be assessed clinically by non invasive tests, based upon the response of an effector to a specific autonomic stimulus. The pupil provides a direct means of investigating intraocular autonomic integrity, whilst reflex
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• : LEMS patients *: Control subjects Fig. 2 . Age-adjusted normal tolerance intervals for 2. 5% methacholine ratio: mean, and the 90th and 95th percentiles of the log normal distribution (hatched line) are shown.
production of tears is a less sensitive measure of extraocular autonomic nerve function. Pupillary response to light is a well-recognised test of the pupillary reflex arc.12 There are three types of pupillary movement in con trolled lighting conditions: (i) Hippus This is defined as a physiological pupillary unrest in stable lighting conditions, and is characterised by a continuous irregularity of pupil movement of variable amplitude. 1 9. 2 0 (ii) Pupillary oscillation in drowsy subjects Characteristics features of this pupil move ment include variable amplitude, episodic regularity, extended cycle time, and persis tence even in the absence of light. 21, 22 (iii) Pupil cycle time Regular pupillary oscillations are induced reflexly by illumination of the pupil margin with a thin beam of light. Stark and Corn sweee3 applied a servo-analytic hypothesis to explain the pupillary oscillation in response to edge-light illumination, concluding that the phenomenon was a manifestation of the pupillary reflex arc. Pupil cycle time assesses the integrity of the complete reflex pathway. It has been used as an objective measure of the defect in patients with lesions of the afferent limb; pupil cycle time, for example, is signifi cantly prolonged in patients with optic nerve compression from chiasmal tumours or Graves' disease,24 optic neuritis2 5 and retro-
• : lEMS patients *' : Control subjects Fig. 3 . Age-adjusted normal tolerance intervals for 0. 5% phenylephrine ratio: mean, and the 90th and 95th percentiles of the log normal distribution (hatched line) are shown .
bulbar neuritis.26 Similarly, pupil cycle time has been proposed as a particularly sensitive measure of dysfunction in the parasympath etic efferent limb of the pupillary reflex arc.27 Precise anatomical localisation of defects in pupillary function requires specific tests to assess individually the efficacy of autonomic innervation to the sphincter and dilator pupil lae muscles in the anterior segment. In the presence of significant neuropathy, one may assume that an intact effector tissue will exhibit hypersensitive responses to topically applied chemical neurotransmitters-the principle of denervation hypersensitivity. Thus pupil cycle time is a relatively non-speci fic screening test of the integrity of the pupillary reflex arc; in the presence of an intact afferent limb, inferences regarding the para sympathetic efferent limb may reasonably be drawn. As this test is rapid, non-invasive, and involves no discom' fort to the patient, it is therefore particularly suitable for clinical application as a screening procedure. Inves tigation of abnormal results in pupil cycling may then be more thoroughly examined by assessment of denervation hypersensitivity, which provides a specific measure of parasym pathetic and sympathetic efficacy. The present study has demonstrated dis tinctive changes in the ocular function of patients with LEMS, specifically related to autonomic innervation of the eye and ocular adnexae. Visual acuity, colour vision, visual fields, intraocular pressure, retinal nerve fibre layer and retinal vasculature were normal in all eyes of LEMS patients. A minimal degree of ptosis was present in two patients: however extraocular movements were predominantly normal, the only significant features being slow saccades in one subject and minimal dip lopia on extreme abduction in another. These results accord with accepted extraocular fea tures of LEMS, where a mild ptosis may be present; overt diplopia, however, is rare.2 By contrast, significant abnormalities in ocular autonomic nerve function were present in every LEMS patient, with pupillary dysfunc tion and/or abnormal tear production. Ocular autonomic abnormalities were symmetrical, a characteristic feature of symptoms and signs in LEMS.2 Pupil responses to light, assessed by measurement of the pupil cycle time, were abnormal in 69% of eyes from LEMS patients; reflex tear production, under the control of the parasympathetic nervous system, was similarly abnormal in 69% of LEMS eyes; and both parasympathetic and sympathetic denervation hypersensitivity of the iris were separately present in 57% of LEMS patients. There were no significant differences between the degree of ocular autonomic dysfunction in carcinoma-associ ated and non-carcinoma-associated LEMS, although this must be viewed in the context of only seven patients.
The apparent evidence of involvement of sympathetic as well as parasympathetic func tion is of special interest. The effects of LEMS IgG on acetylcholine release from motor nerve terminals is exerted by down-regulation of presynaptic voltage gated Ca2+ channels probably by cross-linking of the channels by anti-Ca2+ channel antibodies. 28 One may speculate that the autonomic effects observed in the present study are similarly exerted by anti-Ca2+ channel antibodies, but their site(s) of action are presently unknown.
